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(54) Fingerprint input apparatus 

(57) A fingerprint input apparatus includes a prism, 
a light source, a pinhole, and an imaging plane. The 
prism is placed such that a surface in one direction 
serves as a fingerprint collection surface. The light 
source irradiates light on the fingerprint collection sur- 
face through the prism. The pinhole is set in the path of 
light which is reflected by the pattern surface of a finger 
placed on the fingerprint collection surface and 



emerges from the prism. The light emerging from the 
prism and passing through the pinhole is formed into an 
image on the imaging plane. When the prism is substi- 
tuted by air. an optical fingerprint collection surface 
equivalent to the fingerprint collection surface is set to 
be substantially parallel to the imaging plane. 
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Background of the Invention 

.he^w^ inPUt * PMte tof ^ fi ^ rints * them or coHate 

None of the fingerprints of different people coincide with each other, and the fingerprints do not change throuchout 
heir hves. O^ng to these characteristics of fingerprints, fingerprint collation systems are espedanj S I i 
hat require high degrees of security. An apparatus for inputting fingerprint images is a constituent e^enJoTsiS fa 
nngerpnnt co.lat.on system. This fingerprint input apparatus indudes an optica, system as a coiaSn^Sl; 
prec,s,on of the f.ngerprint collation system greatly depends on whether fingerprinVimages can be Sr^y inS 
Any conventional f<ngerprint input apparatus, however, cannot obtain high-quality fingerprint images. 

Summary n f the Invention 

The present invention has been made to solve this problem, and has as its object to provide a finaornrint i™,* 
apparatus which can obtain high^uality fingerprint images. <«ngerprmt input 

*h Jl 0 « d f •!. ( l! Ch ! eVe the aCCOrding 10 ,he ,irst as P ect * the P fesen < Mention (according to daim 1) 

1 f^m!, " 9erP i! nt apParatUS com P rWn « a P fism P'aced such that a surface in one^eS setTs as 
a ITT!. T !<". ' 3 li9ht S ° Urce f0r irradiatin 9 ''9 ht 0,1 fingerprint collection surface throuo^theprism 
a pinhole set ,n a path of bght which is ref lected by a pattern surface a finger placed on fte ^^3^^ 

S H °.!f fr ° m the PriSm> 3nd a " imagin9 plane on «» «*« urging from the S anTpTssTna 
through the p.nhde « formed into an image, wherein when the prism is substituted by air. an oSL^SSS 

j£2 T^"' ,0 *: n t efPrinl C °" eCti0n « uriBee iS S6t to be Parallel to S^SSS. 

According to th.s aspect hght reflected by the pattern surface of the finger directly or indirectly placed mthe fin 

?rS^'°M U ^ 

imaging plane set to be almost parallel to the optical fingerprint collection surface of the prism 

According to the second aspect of the present invention (according to claim 2) in the first asoeef when »« n«t;,.=i 

Sa^ 

WidSSESSSC ^ ^ ,0 "1 ^ Caused °" the «"9erprintl5ec.ion suSS 

Ch VZ para " el 10 8,6 ,in9erprim co,,ec,ion of the prism 

^JS"** 10 ""'I* aSPeCt °' the PreSent inventi0n <«»«*ib to claim 3). there is provided a fingerprint input 

roSl 80 ^ 06 ^ " T !? atin9 ,i9W 00 * e ,inflerprint co,,ection surface ,hro »9 h «* first prism TS^^aCS 
^twhKhsreflec^ 

f^tpnsm. an .mag.ng plane on which the light emerging from theft* prism and passlr« ihrouoh^S^B^S 
into an .mage, and a second prism placed in front of the imaging plane, wherein SfingS^SlE5«S^e!?S 

to be substantially parallel to a surface of the second prism on the imaging plane side, and an exit surface of theffrs 
toleSo.?^ 10 ^ 

According to this aspect the optical system on the first prism side is made similar to the optical systenvon the sec- 
iSi'Tf? 6 ^ P ' nh0,e bei09 * e C6ntor - and *** re,lected * surface of fteThSaTSSr » M- 

second prism and is formed into an image on the imaging plane 

hTs ^ P0Srt '° n adJUStin9 m6anS ,0f adiu?tin9 a P 09 ' 11 ' 0 " * the PW-e. According to 

If , TtT !' Ze 01 3 ""S 6 ^'" 1 ,ma 9 e °" *e Paging plane can be changed by adjusting the position 

of the pmhole .n the back-and-forth direction, the lateral direction, the vertical direction, and the like 

According to the fifth aspect of the present invention (according to daim 5). in the fourth asped the pinhole position 
adjusting means ,s constituted by a manual adjusting mechanism, and the apparatus further iSrteJ TdtXSc 
ZSXSF 0 } U T Pm ^ ^ 0n ** ^ P,ane ■* a ^ ^r can Se ,he 

mSS^i 1 "T °° ^ ima9in9 ^ by adiuSfin9 *• »»*" <* the - «he toc?-and 

forth d.rect.on. the lateral d.red.on. the vertical diredion. and the like while seeing the displayed fingerprint image 
Acconftng to the sixth aspect of the present invention (according to claim 6, the pinhole posiZT^Z means 

adjusted, and the posrt.on and sue of a fmgerpnnt image on the imaging plane are adjusted to set values. 
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According to the seventh aspect of the present invention (according to claim 7) in the first second and mm 
.abator. i.e.. hght havmg a s-ng.e waveiength. is irradiated on the fingerprint cotecto surface through to > S 

-nJS 0 "*™ ^ ^ 35,3601 ° f 816 PfeSenl invention ( acco ^na *> cteim 8). there is provided a fingerprint inout 
apparatus compnang a pnsm placed such that a surface in one direction serves as a fingerprint^eScJ ScT^ 
hght source for irradiating tight on the fingerprint coliection surface through the prism a S2^^a^ToT£i 
which ,s reflected by a pattern surface of a finger placed on the fingerprint cofledion suSaT an* ^ememel frl £ 
pr^m.a.ensptecedd^etoarearsideofthepinhole.andaninv.ginl 

andpassmg through the pinhole and the lens is formed into an image, wherein when a stJgh.S^ 

According to this aspect the light intensity of a fingerprint image formed on the imaging plane is increased bv th* 
lens placed close to the rear side of the pinhole. In this case, a blur is suppressed by inclir?ng Z S^dno Zn?J£ 

to the optical axis under the condition in which this blur is suppressed 

no «!^t in , 9 ^ nimh aSP€Ct ° f thG preSert invention (a^ing to claim 9). in a fingerprint input apparatus based 
on the optical pa h separation method, a cut surface is formed at a distance from a vertex of IheSIESSS! 

lection surface with an almost uniform diffusion angle. "ngerpnnt col- 

According to the 10th aspect of the present invention (accordino to claim 101 in the ninth ^ u ■ 

:rnTshT^ ions ^ 

is not sh.ekJed and an .mage of the light source is not projected on the imaging plane Accordino SS t 

? 1" ** ' f0m ,in9efPrim C °" eC,i0n 10 *« ™9K"e is nS^h^Sf £ 
an .mage of the light source is not projected on the imaging plane. ^ 

w m lf^ in9 ^ 1 1,h aSpeCt °' the pfesent invention (according to claim i 1). in the ninth aspect the cut surface is 

ota! fe fecS bv JES* !* '■""^ fe "* °" the ima * infl and fr ™ ^ «*2E fe not 

22^525 IT*"" 1 C0,leCtl0n Surfaee - AfiC0RSn «» t0 as P ect - «» ^9ing optical path of fight from the 
^r^^T C °^' eCt, ° n t0 the ima 9 in 9 P lan « « not shielded in the prism, and an an i^e of ^ figri SLSfe rS 

ejected on the ,mag,ng plane, .n addrtion. light from the .^source fe not totally reflected by the f^ 

for^iTS'" 9 to J^- ah H**"** °' ,he preSent invention (according to daim 12). in the ninth aspect the cut surface fe 

^ n ^ ^ u? aSf>ect 1,16 ,ma 9'nfl optical path of light from the fingerprint collection surface to the 
possibility that an image of the light source is projected on the imaging plane 

According to the 13th aspect of the present invention (according to daim 13). in the ninth to 12th asoects the cut 
thro 30 ; t 6 ^ fe 3 ^ 10 «• "P«* ■*» *™ tne fight source is SSSAS 

.he 3. ^ 14th aspect of the present .nventwn (according to claim 14); in the 13th aspect, the cut surface of 
the pr-smnasa convex outer penphery. According to this aspect, light from the light source is diffused ^te«Sve 

ZIT^ SU ' faCe - ^ 15 by ,hC ^ surface - « he periphery of tS oSaceTbe 

irradiated on the fingerprint collection surface. *unace ro oe 

o„ .h^*". 9 ,0 ^ e 15Ul aSpeC, 0< 1,16 Pfesen1 inven,ion (according to claim 15). in a fingerprint input apparatus based 
on the opt.calpath separate method, the light source is placed in contact with the prism t^h ™SK rn^er 
havng a predeterrmned refractive index. According to this aspect light from the fight soured indSSS the^Sm 
through the matchmg member to be irradated on the fingerprint co?ledion surface J^iS^SEE 

a nJS^ din9 10 16,h . aSpeC, of the P resent invention (according to daim 16). there is provided a fingerprint input 
apparatus eornpnanj ja pr.sm placed such that a surface in «,e diredion serves as a fingerprint coition s^ 
a ..gh. source mounted on a surface of a substrate and serving to irradiate tight on the ling Jp^nt^toTSrfact 
through the pnsra wherein a film having a high reflectance is formed on the surface of the subsS 
source ,s mounted. According to this asped. light .eaking from the side and rear surfaces of the In, s^ce t • rXSS 
by the reflecting f ,lm on the substrate surface and incident on the prism 

According to the 1 7th asped of the present invention, (according to daim 1 7). there is provided a fingerprint input 
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apparatus composing a pnsm placed such that a surface in one direction serves as a fingerprint collection surface an n 
a hght source mounted on a surface of a substrate and serving to irradiate light on tnTf^^ 
through the pnsm. wherein a film tor shielding light is formed on the surface ofVhe suSa* 

According to the 18th aspect of the present invention (according to claim 18) there is Drovided a fino*mri„f ;™ - 

- asssKsrr ^ » e ■* *- "«SS5f 

According to the 19th aspect of the present invention (according to daim 19) there is Drovided a firu»>rnri„t i™> „ 
apparatus comprising a prism placed such that a surface in one direction sen.es as a JirSerS^iZT^ ^ 
gWsource forirradiatJng light on the fingerprint coUection surface through £^ JftSJ SSSSSii 
reflected by a pattern surface of a finger placed on the fingerprint cC.eLn surface 2££3l^££X 
to med «nto an .mage, a prism holder for holding the prism to fix the fingerprint eolectta surface SriStE ^ 
pnnt collection surface opposes a finger mount portion opening aBn^SS^^^^, 

frOTn th^faM so!^^^'''^'^ ^P^' 1 ^ surface^of the prism and a^H^c^e^'surface o? the^nsnTon^ which^'ght 
fromthel.ght^rcers.rK^entandalighl.sWeld^ 

of the pnsm and the >maging plane while isolating the optical path from the outeide * 

According to the 20th aspect of the present invention (according to claim 20) in the 19th asoect an on.i«. 
process e performed for a surface of an inner wall of the ligM-shieldL, cover ^ ^ 

According to the 21st aspect of the present invention (according to daim 21) in the 19th or 20th a <*wt a m m h, 
mg a h,gh reflectance is formed on a surface of an outer wall of the light-shiekling cover * ' 

According to the 22nd aspect of the present invention (according to daim 22) in the 19th asoect th* linht ^..^ 
* covered wrth a light source cover except for a portion on the exit surface side Sh respecTto- Ss£ jSSS 
source cover and the light-shieldihg cover are integrally formed respect to the pnsm. and the hght 

highSSe ™ ? me ? feSent inVent, '°° (aCCOfdin9 10 daim 23 >" * the 22nd «P«* a "aving a 

mgn reflectance is formed on a surface of an inner wall of the light source cover 

According to the 24th aspect of the present invention (according to daim 24) there is Drovided a finoornrinf i„n, rt 
apparatus comprising a prism placed such that a surface in one direction served as tlge^^eSon s^cT a 
T^J?* 00 *» ~»ec«on surface through the prism, an £££ Sn^ S tfolJ 

* m " °' 3 <in9er P ' aCal 00 816 ,in9erprint «*» «« emergiSom th?Ssm S 

«T 3 PrKm h * tor h ° Win9 thS PfiSm 10 ,ix the ,in 9 er P rint «"«*» surface Inhere 

I^suS^,?.^* J?T2 P ' ane 0356 far ^ the ima9i "9 1** «se having an opening on 
Tr^^f L J P ' Sm - ^ 3 "9 ht - shieWir »9 cover for covering an imaging optical path between thTexit sur 
face tftheprism and the .maging plane while isolating the optical r*th from the ou^ 

£S2L°°E on r end side is coup,ed 10 ,he openin9 - *• prism hoWer ■** c^^SSS^X 

Brief Des cription pf Drawing s 
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Figs. 6A and 6B are views respectively showing how fingerprint images are displayed in registration and collation 
. processes; 

Fig. 7 is a flow chart for explaining a fingerprint registration process (manual pinhole position adjustment) in this 
fingerprint collation system; 

5 Fig. 8 is a flow chart for explaining a fingerprint collation process (automatic pinhole position adjustment) in this fin- 

gerprint collation system; 

Fig. 9 is a flow chart for explaining a fingerprint registration process (automatic pinhole position adjustment) in this 
fingerprint collation system; ' 

Fig. 10 is a flow chart for explaining a fingerprint collation process (automatic pinhole position adjustment) in this 
io fingerprint collation system; ' 

Figs. 11 A and 1 1B are views for explaining how a barycentric position is calculated in automatic pinhole position 
adjustment; 

Figs. 12A and 12B are views for explaining how a size is calculated in automatic pinhole position adjustment- 
Figs. 13A to 13C are views for explaining measures to reduce distortion between a fingerprint collection surface A- 
'5 B and an optical fingerprint collection surface A'-8'; 

Fig. 14 is a view for explaining measures to completely eliminate distortion caused when the optical fingerprint col- 
lection surface A'-B* is a curved surface; 

Fig. 15 is an enlarged view showing a fingerprint input section (total reflection method) using a rectangular prism- 
Fig. 16 is a view for explaining the main part of the optical system of a conventional fingerprint input apparatus- ' 
20 Rg. 1 7 .s a view showing the main part of a fingerprint input apparatus having a lens near the rear surface of a Din- 
hole plate; ^ 

Figs, 1 8A and 1 8B are views for explaining trapezoidal distortion caused in this fingerprint input apparatus- 
Fig. 1 9 is a view for explaining trapezoidal distortion caused in this fingerprint input apparatus- 
Figs. 20A and 20B are views showing the main part (Embodiment 2) of a fingerprint input apparatus according to 
25 the present invention; y 

Figs. 21 A and 21 B are views for explaining how trapezoidal distortion is corrected by barrel distortion- 
Figs. 22A and 22B are views for explaining how trapezoidal distortion is corrected by pincushion distortion- 
Fig. 23 is a view showing the main part of a fingerprint input apparatus using the optical path separation method 
on which Embodiment 3 is based; . 
30 Fig 24 is a view showing the main part of a fingerprint input apparatus using the total reflection method on which 
Embodiment 3 is based; 

Fig: 25 is a view for explaining how illumination irregularity occurs in the fingerprint input apparatus in Fig 23* 
Fig. 26 is a view showing the main part (Embodiment 3-1) of a fingerprint input section according to the present 
invention; 

35 Fig. 27 is a view for explaining condition © for the formation of a cut surface; 
Fig. 28 is a view for explaining condition @ for the formation of a cut surface; 
Fig. 29 is a view for explaining condition ® for the formation of a cut surface; 

Fig. 30 is a view for explaining a problem posed when an inclined surface is formed as a cut surface while at least 
conditions Q) and @ are satisfied; 

40 Fig. 31 is a view showing the main part (Embodiment 3-2) of a fingerprint input apparatus according to the present 
invention; 

Figs. 32A and 32B are views for explaining the necessity of light shielding for a region where condition @ is not 
satisfied in Embodiment 3-2; . 

Figs. 33A and 33B are views respectively showing the main parts (Embodiments 3-3 and 3-4) of fingerprint input 
45 apparatuses according to the present invention; 

Figs. 34A and 34B are views showing the main part (Embodiment 3-5) of a fingerprint input apparatus according 
to the present invention; 

Fig. 35 is a view showing the main part of a conventional fingerprint input apparatus on which Embodiment 4 is 
based; 

50 Fig. 36 is a view showing the main part (Embodiment 4) of a fingerprint input apparatus according to the present 
invention; 

Figs. 37A and 37B are views how a reflecting film (light-shielding film or reflecting/light-shielding film) is formed on 
the substrate surface of this fingerprint input apparatus; 

Figs. 38A and 38B are views showing how LEDs are mounted on the substrate surface on which the reflecting film 
55 - (light-shielding film or reflecting/light-shielding film) is formed; 

Figs. 39A and 39B are views showing how a metal film as a reflecting/light-shielding film is formed on the substrate 
surface; 

Fig. 40 is a view showing an example of how the present invention is applied to a fingerprint input apparatus using 
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the total reflection method; 

tased 1 fe 3 ^ Sh0Wi " 9 "* mai " Pa ' 1 01 3 COnventional ,in fl«Print input apparatus on which Embodiment 5 is 

s indention" 3 ^ Sh0wi " 9 ,h ® main ^ ( Embodim ent 5-1) of a fingerprint input apparatus according to the present 

Rg. 43 is an exploded perspective view showing the main part of this fingerprint input apparatus- and 

Fig. 44 is a view showing the main part (Embodiment 5-2) of a fingerprint input apparatus according to the present 

invention. 

10 Description o f the PreferrPd Embodiments 

Embodiments of the present invention will be described in detail below. 
[Embodiment 1 : First to Seventh Aspects] 

15 

Prior to a description of the first to seventh aspects of the present invention, the techniques on which these asoects 
are based will be described. To obtain highKjuality fingerprint images, some countermeasures must be taken against 

ortionand Wurs have already been proposed in Japanese Patent Laid-Open No. 59-142675. Japanese Utility Model 
Ud-Open No. 63-99960. Japanese Patent LaWOpen No. 2-176984. and the .ike. Since all tSe fingeVprint^ 
apparatuses use lenses for optical systems, fingerprint distortion and Wurs cannot be eliminated at once 

2" 16 shows 1 t , h t main <* ** °P tical svs,eni of a conventional fingerprint input apparatus. Referring to Rg 16 

of Z TorfsmT n 3 h d,n ?"Jf ?T : a ? 2 ' a i enS Re,erence symb0 ' A " B denotes - »• "WW collecL surface 
of tiie prism 1 . 0. the center of the lens 2; and F. the focal point of the lens 2. For the sake of descriptive convenience 
m the arrangement shown in Fig. 16. the prism 1 is assumed to have the same refractive index as that of air Although 
not shown, an incandescent lamp is placed on the lower surface side of the prism 1 such that light from the incandes- 
cent lamp is irradiated on the fingerprint collection surface A-B through the prism 1. 

In this optical system, the imaging plane of a light-receiving unit may be set to a plane E-G (imaging plane (ft) to 
prevent an entire image of the pattern surface of a finger placed on the fingerprint collection surface A-B i e an entire 
fingerprint image, from blurring, in this case, however, since the optical path ratio varies (AO : OG * BO*- OE) the fin- 
gerprint .mage is distorted. To prevent the fingerprint image from being distorted, the imaging plane of the light-receiv- 

'Z-l ^ *. a -Et n . e E " u (ima9in9 Pl3ne @) thfe case ' however - a P° int A on ■» «"9*print collection 

surface A-B expands to "H-K" on the .maging plane E-H. As a result, the fingerprint image Wurs. As described above 

% T T ° ann0t bS eliminated at °" ce as lon 9 as the lens 2 is used. As importance is attached to correction 
of distortion, the Wur worsens and leads to difficulty in practical use. and vice versa. That is. with the arrangement 
shown in Fig. 16. a compromise must be made between distortion and a Wur within the respective practical ranges . 

Under the circumstances. Embodiment 1 uses a pinhole plate in place of the lens 2 to greatly reduce distortion and 
a blur so as to obtain a high-quality fingerprint image. 

<o (Basic Principle] 
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Fig. 1 A shows the main part of the optical system of a fingerprint input apparatus according to the present inven- 
tion. Referring to Figs. 1 A and 1B. reference symbol A-B denotes the fingerprint collection surface of a prism 1 • C-O" 
a pinhole plate surface having a pinhole PH formed in its center; and O. the center of the pinhole PH. For the sake of 
descriptive convenience, in the arrangement shown in Fig. 1 A. the prism 1 is assumed to have the same refractive index 
as that of air. Afthough not shown, an LED is placed on the tower surface side of the prism 1 such that light from the 
LED is irradiated on the fingerprint collection surface A-B through the prism 1 . Note that this LED may be a laser beam 
radiator. Light emitted from an LED or laser beam radiator has a single wavelength and is less in optical irregularity than 
l.gh from aruncandescerrt lamp. Owing to such characteristics, the LED allows a high resolution, and hasa long serv- 
ice We. In addition, the heat generated by the LED exerts little influence on the apparatus 

In this optical system, the light reflected by the fingerprint surface of the finger placed on the fingerprint collection 
surface A-B and emerging from the prism 1 passes through the pinhole PH and is formed into an image on an imaging 
p ane l-J. In this case, if the fingerprint collection surface A-B of the prism 1 and the imaging plane W are set to be par 

U ? a fL°! hef - ^ ° PtiCal Palh ra,i ° 15 ^ COnS,an, < A0 : ©J = BO : 01). and no fingerprint image distortion 
occurs In addrt-on. since one point on the fingerprint collection surface A-B is imaged on one point on the imaging plane 
l-J. no fingerprint image Wur occurs. That is. both distortion and a Wur can be prevented at once 

In the arrangement shown in Fig. 1A. the prism 1 is assumed to have the same refractive index as that of air In 
practice, however, the refractive index of the prism 1 differs from that of air. For this reason, as shown in Fig 1 B a sur- 
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faCe , ^ni^! 6 " 1 10 ^ ,inQe,print co,,ection surface A-B when the prism 1 is substituted by air is set as an optical finoer 
pnmcoHect.on surface A'-B" (a curved surface A'-B' indicated by the dotted fine in Rg. IB), and this ifSS^SL 

'^e ,rnag,ng plane l-J into a curved surface in terrns of te^niques and «5St. the straight line A^ and theS 

KiLTJl J* P " W 10 ^ ° ,her - ' n ^ WOrdS ' 3 ^ At3B ' «* a lria "9' e J01 ar e ■* to be «K to 
each other. Witt, this arrangement the optical path ratio is made constant ( A O : OJ = BO : 01 ) and hence ftannv! 

3 n96rPn ' ma9e ^ be W 888- " ^ fe - *« W " and the distortion can be Sy 
lho ™f T 3 o/?" H" $i2e ° f the ,in 9 e, P ri^, ima 9 e °" the imaging plane l-J can be adjusted by adjusting the position of 

a,rectl0n '- wtn the use of this scheme, an increase in parts assembly tolerance and reductions in cost weiaht and 
size can be attained as compared with the scheme using the lens. cions in cost, weight, and 

'5 (Practical Example] 

nrinT?' ^ ^Jhe arrangement of a fingerprint collation system using a fingerprint input apparatus based on the 

SS« d8S f? ed Tr Re<emn9 ,0 2 - reference numeral 10 denotes a "ngerrxirt irpXpaiut a^o a 
processing section. The fingerprint input apparatus 10 includes a ten-key pad 10-1 a display (LCD) ?o3 andafiSer 
pnnt input sect™ ,10-3. The processing section 20 includes a control section 20-1 having a CPU. a ROM fo 2 1 Si 
20-3. ahard d,sk(HD) 20-4. a frame memory (FM) 20-5. an externa, connection section (l/F) 20-6. artf a F^L tra^ 
form section (FFT) 20-7. Registration and collation programs are stored in the ROM 20-2 

In the fingerprint input apparatus 10. as shown in the enlarged view in Fig. 3A. the fingerprint input section 10-3 
includes a light source (LED) 10-31. a diffusion plate 10-32. a prism 10-33. a pinhofe plate 10 34. a p^p^on 
adjusting mechanism 10-35. and a light-receiving unit 10-36. Position 

o„ «!» IS ST* f i 0 * 3 ,' me,h0d * used for ,he «WW section 10-3 such that the LED 10-31 is placed 

1Z TJ°Z SUrf3Ce SWe * Pffem 10 ' 33 - and ,rom the LED 1031 * ^diated on a finger^ 
SnH^hM ! ° J" PnSm 1 mr °° 9h th6 Prism 1 °- 33 - mis "Went, as is obvious, a surface eq^- 
S.^! ^erpr,m collection surface A-B when the prism 10-33 is substituted by air is set as an optical finge^nnt 

S^iiK^TO f " e °' ^ ,i9ht - feceMn 9 unit 10 - 36 are s * t° ^ almost para.le. to each other. 
That b. the straight line A -B and the .mag.ng plane hi are set to be parallel to each other 

th. S, 0 ^ S T ati0n meth0d fe t0 bG USed fof ,in9efprint '"P" 1 secfion 10 " 3 - •» ^own in Fig. 4A. 
the LED 10-31 is placed on the nght ade of the lower surface side of the prism 10^33. and a black coatinq ( OT tioht- 
sh-eWjngp.ate 10-37* formed on tr^ 
onthefingerprintcoect^s 

surfaceA B'^rri t ^ ??. * ** *»« h Rg 3A) ' and finge^rim collection 

is Jn^Tst^L ."1 a r ^ P 6 ^ 01 ^ *« W - receWn fl unil ^ a « ^ to be almost parallel to each other. That 
or JnhTlhC A ,ma9,n9 ^ W 861 10 P^ 8 " 6 * 10 formation of the black coating 

Since thej^ijciples of the total reflection method and the optical path separation method are described in detail in 
«. tIoN ENG SrS ^mZIZ ™ E ,NST,TUTE ° F El£CTR 0 N 'CS. INFORMATION aS^SSSSST 
IS^ Z^tT^ ■ N ° 3 - ^ 414 * 415) ' 3 deta,,ed <teSCripti0n *««* «■ be omitted- «he total 

S "iSSil meth0d - ° n,y ^ <rom *• ^ ^ of a ' inaer P ri "t surface is 

detected without any light from the non-contact portion. For reference. Rgs. 3B and 4B respectively show the conven- 

ShLr a ri e,nentS ? ,in ? erprin, inPOt SeCti0nS using ,ne total reflection method and the optical path separation 
Svfrxj unJ I^^ 0 " 3 arran9ement 0565 a " incandescent ^ W ** « W source and a lens Ln foralight- 

n»r.io F n 9 c S ;,i A - and fflT 4,16 ,in9erprin, inptrt "PP** 1 " 10 10 «" is «"9erprint input apparatus 10. the fingerprint col- 
ss ofZ!, ,o? 6 P :' Sm 1 °' 33, ' 6 • a " m surtace UP 01 ,he 10 - 33 - is exposed, and a guide 10-41 is 

°JtS ( k ? a,, ° w > a " °P era,0f to Put his/her finger on the upper surface UP of the prism 10 33 directly or 

,n 1 I T COn,,rma,,on ke ^ ">•"■ Thre e-axis position adjusting knobs Cx. Cy. and Cz rotataWy cou- 
pled to the pmhole position adjusting mechanism 1 0-35 are arranged on a side surface of the case 10-4. 
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in J!lIIi ,in9erP !i!l t . C0 !! a,i r $VStem - ,he fin9erpfint 01 a fe re 9 fetefed h the ***** manner. The user Irouts an 

me total reflection tomtom are not sarjslied. so the light from the LEO 10-31 Is scattered 

The light reflected by the skin surface of the finger placed on the fingerprint collection surface A B nnn «™„-» 
Iron, the prem ,0-33 passes through the pinhole PH and is fon™d "toan togemSg^ °,^,T.7r 
.ecemng M ,0-36. As a re**, the lingenvir, portion corresponding to me ^£££E^t£^££ 
hWrpM port™ ^responding to the ridge portions beomes dark That is a u£££Z£ZZ'. 

[Collation of Fingerprints (Manual Pinhole Positidn Adjustment)] 

a « n n n J h ^r 9 T Pri, l C0,lati0n Sy * am " C °" ati0n 0< the ,in9ef P rint 01 *• user fe Performed as follows Ourinq the oner- 
T^EfTZ * e an 10 assigned to hinVher by using the ten-key pad ™ 5 nt 

SM ^^^mT ^T ia ^ WS *• « *• ejected "ngenxin, (cSation 

5s,2 S SSir 0 " 6 ,ma9e d3ta ,0 MCl0n 20 h •» ~" — " * ^ -se of the 

Upon reception of the ID number through the ten-key pad 10-1. the control section 20-1 reads out the imaoe data 

Tf?h™ y or V^e dKplay 10-2 to determine whether to change the position Jthe pinhOe PH 
if the user sees the fmgerpnnt image of the collation fingerprint displayed on the disolav 10-2 anri rtet»r m ,w th*. 

tion fingerprint, he/she determines that the position of the Dinhole PH muct h* ^ art «Ji ^ 9 I re 9 ,slra 

S^^'^^X^,^ cTa^adM^wXXX." 8 
34 in the X. Y. and Z d.recbons. i.e.. the position of the pinhole PH in the X Y and Z direct* if** * ^« 1 

a desired position in a desired size (steps 204 to 206). meoispiay iu <; to 

After the position and size of the fingerprint image of the collation fingerprint on the display 10-2 are adi.^tPd ih 0 

S. Tw^ I! 0 ," taB T t B C0 "! irmed (S,6P 20?) - The * in9efprin, ima 9 e of «he confirmed c*SZZ£ 
pnn. ,s collated wrth the fmgerpnnt image of the previously readout registration fingerprint (step 208). The co.Son 



BNSOOCIO: <EP_0©47O24A2_l. 



8 



15 



20 



25 



35 



40 



EP 0 847 024 A2 

result is then displayed on the display 1 0-2 (step 209). 

m. ^5 erV ^ d - me !l l 8 WUr diS,0fti0n 03,1 66 9reatly reduced accondin 9 ,0 "» abov e basic principle. In addition 
the posrtpn and s.zetfan.nputf.ngerprint image in a registration process can r* set ^ 

size by manuaHy adjusting the position of the pinhole PH with the three-axis position adjusting knobs Cx, Cy and Cz 

2 SO rb r JL^ T* bCtWeen ,he inpUt ,in9erprint ima9es m re9istration af1d processes can be 

absorbed and the drfference between the sues of the input fingerprint images can also be coped with 

oraii™ n^LI * R W W j ma 8 e is small, the area of the background becomes large, resulting in adeteri- 

ZTZ J? r ^"flT ^ 3 de,erioration m 00 " afon P«*sion can be prevented by moving the pinhole PH in 

TZl ^Z ( ' n t ^ P ' nh0,e PH apart <rom the ima9in 9 P tane "> to the LecL tarpon" 

•maga In add.hon. posting at the time of shipment can be performed without dismantling the apparatus and hence 

a posrt.on.ng process at the time of shipment can be facilitated. 

kn ? C a ? 0ve ^ n ? 0dimen . t - the P^rtio" °< We pinhole PH is manually adjusted with the three-axis position adjusting 
o ^ ^ CZ re9,$tfa,i0n "* C0 " ati0n processes ' 1,113 P 05 "™- however, may be automatically adS 

Ph^u,^^^ 

[Registration of Fingerprint (Automatic Adjustment of Pinhole Position)] 

Th» '."Jil 0356, flT '?** ^ ' D " Umber aSSi9ned 10 Wm/her ^ *« ten kev ^ 10-1 (step 301 in Rg 9) 
JlVtT ^ u 0,1 the Upper 6urtace UP ( ,in 9 er P rint surfa <=e A-8) of the pnSm 1 0-M alona 

SSL rMlf ST?? ^ 3PParatUS ia ^ re,leCted * *• - *• f 4' pte^ me 

f ingemnnt collection surface A-B and emerging from the prism 10-33 passes through the pinhole PH and is formed imo 

IZZ ,°T ,ma9in9 P ' ane W * the un « 1 °"36. With this operation 'the fingerpS^S^ 

b^2r e T h 9r t ° OVe , P0rt,OnS b6C0meS brm and the ,in9erprinl P 0 * 0 " corresponding to !he rSge^s 
becomes dark That «. a f ingerpnnt .mage with a contrast is collected. The pattern of the collected fingerprint (SJ 
two fmgerpnnt) .s supplied as halftone image data to the processing section 20 

.hroiTT 1 SeCti ° n 2 °' 1 l0a * ,hS im39e data 01 the Oration fingerprint from the fingerprint input apparatus 10 

S 20 " 5 (St6P 3 ° 2) - ThS ^ SeCti0 " 20 ' 1 1,16,1 ca,culates the bar^entnc poSn oTthe 
SZnei ^taofthereg, station fingerprint (s^^ 

thJ^JH^ l0aded J ma9 f da,a ^ 1 1 A > of ^ registration fingerprint is divided into n x m pixels (Fig. 118) 
That js^ the toaded .mage data of the registration fingerprint is divided into n pixels in the x direction and m p xete in the 
y d'rect.oaLett.ng (ji be the light intensity at the position of the ijth pixel, x- and y^oordinates xa and ya of the teryc 

enter are obtained according to equations (1) and (2): 

n m n m 

*a =<I£'*'*K(£Zg (1, 
' / ' / 

n m n m 

>*=<XI/g'(IZ^) <2) 

n m n m n m n m 

( * a ' a >=«ZZ^'<ZZV(ZZ/y'<ZZ->»>) o) 



50 



anri i fSt? S6 !S" f" 5 the diffefenCe (xa ■ XS< ^ " ys) be,ween •* barycentric position (xa. ya) 

Tcli^SVZ^T ( "V!r 3 bWWc and ^ ^ is a barycentric differ- 

ence (step 304). » there .s a barycentr.c drfference (barycentric difference * 0). the control section 20-1 adjusts the posi- 

^ nL !h P '^° 6 , '"J!! 6 X ^ Y direC,i ° nS mr ° U9h ,he Pinh0le P 05 "' 0 " ad i us,i "9 m «=hanism 10-35 so a^To 
eliminate the barycentric difference (step 305). 

, ha .lUr 'w 6 bafyCentric di " erence is elimi " a ted. since NO is obtained in step 304. the control section 20-1 causes 
he flow to advance to step 306 to load the image data of the registration fingerprint as the image data of the registration 

ZIT , ^ POSrti °? " *T X Y direC,i0nS 3re C ° n,irmed < S,ep 306 » The co " ,ro1 s ^ion 20 i ci.cS™ 
sue of the loaded image data of the registration fingerprint (step 307). In this case, the size is calculated in the following 
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F.rst of all. the •mage data (Fig. 12A) of the registration fingerprint whose positions in the X and Y directions are 
earned ed.yrted into n x m pixels (Fig. 12B). "mat is. the loaded image data of the registration fingerprint is divided 
mo n pixels .n the x d.recfon and m pixels in the y direction. Each pixel is then binarized according to its light level such 
that each portion with light is represented by T. and each of the remaining portions is represented by V The lioht 
Son P ' Xel aftef binariZa,i ° n 13 fepreSen,ed by D < = "°" " "< and an area Sa is expressed by the foil Jng 



Sa = Z°* (4) 



v 



so 
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, . ^L? u ! S6Ctl0n 20-1 com P ares this area Sa with a set area Ss to check whether the area Sa is appreciate 

; no f « ° U9h me P 03 * 0 " adjustin9 mechani sm 10-35 to set the area Sa to an appropriate value (steo 
309). I Sa , - Ss > 0 the control section 20-1 moves the position of the pinhole PH to reduce the^rSge 

' °" 20-1 mwe8 lhe » 30sHion of "» P inno| e PH to enlarge the fingerprint image 

When the area Sa is set to an appropriate value with this operation, since YES is obtained in step 308 the control 

asThelrntl 1° fT* * SteP 3 1 ° ,0 ** "* image data of the registration fingerprint 

a, rtkl t S feg,s,fat,on ,,n9er P nnt X. Y. and 2 directions are confirmed in the hard 

so disk 20-4 in correspondence with the ID number (step 310). «<«nara 

[Collation of Fingerprints (Automatic Adjustment of Pinhole Position)] 

in w*£?J™ ^t ratio " of the ^^5. the user inputs an ID number assigned to him/her by using the ten-key pad 

n!l irf,f ^? : I ^ PUtS hiS/h6r fin9ef ™ me Wer Surface UP <T«geiprim collection surface A-B) of *e 
pnsm 10-33 along the guide 10-41 of the fingerprint input apparatus 10. As in the case of the registration of the finger 
^ J " C0 " eC,ed ,ir,9er P rint (collation fingerprint) is supplied as halftone image data to the processing 

«f*U PCn -? C ? ) ,io , no,the 10 numbert h^9h the ten-key pad 10-1. the control section 20-1 reads out the image data 
f S 3 ^" ,in9erpr,nt oo,res P ontfin 0 to the 10 from the registration fingerprints filed in the hard disk 20- 

l£f?n » 1 S6Ct ° n 20-1 ,0adS me ima9e data 0< ,he collation Wnoerprint from the fingerprint input appa- 

Z Z , 6 L rame mem0fy 2 °' 5 (St6P 403) - 7,16 ^ section a 0 ' 1 *«" «■«*•«« the barycentric poSr, 

Sep 404? ,ma9e C0 " ati0n ,in9erprinf in ,he same manner as in ^ ^e of the registration fingerprint 

«m J!lfr ntr< ! l K eCti0n ^ ° btainS differe "<:e<xb - xs. yb - ys) between the calculated barycentric position (xb 
yb) and the set barycentnc position (xs. ys) to check whether there is a barycentric difference (step 405) If there fe a 
H C ^ eren i e < ^ cenific difference * °>- m e control section 20-1 adjusts the position of the pinhole PH in the 
a and Y directions through the pinhole position adjusting mechanism 1 0-35 (step 406) 

When the barycentric difference is eliminated with this operation, since NO is obtained in step 405. the control sec- 

T, *n fT 8 ** ,toW t0 advanC6S ,0 S,6p 407 ,0 toad «" ima9e *■* of ^e collation fingerprint as the image data 
of a col ation fmgerpnnt whose positions in the X and Y directions are confirmed (step 407). The control section 20-1 
then cateulates the sue of the loaded image data of the collation fingerprint in the same manner as in the case of the 
registration fingerprint (step 408). 

tinJiT? 20 ■ 1 C ° mpareS ca,cula,ed area °' *e image data of the collation fingerprint, whose posi- 
2£? ?1 and l Y d,rect,ons «« confirmed, with the set area Ss to check whether the area Sb is appropriate (step 
^ are l^ * n °u appropria,e < a * Ss >' ,he control section 20-1 adjusts the position of the pinhole PH in the Z 
SSTh STt VST** P0S ! ,i0n adjUStin9 mechanism 1035 to set the area Sb to an appropriate value (step 410). 
That .s. rf Sb - Sb > 0 the control section 20-1 moves the position of the pinhole PH to reduce the fingerprint image. If 
Sb - Ss < 0. the control section 20-1 moves the position of the pinhole PH to enlarge the fingerprint image 

When the area Sb is set to an appropriate value with this operation (Sb = Ss ). since YES is obtained in step 409 
he control section 20-1 causes the flow to advance to step 41 1 to set the fingerprint image as the fingerprint image of 

J! ™ ? ^ ^ n9erP^n, ^ P ° Si<i0nS in ,hS *' Y " a0d Z direC,i0nS are confirmed, and collate the fingerprint image of 
he collation fingerprint with the previously readout fingerprint image of the registration fingerprint (step 41 1 ) The con- 
trol section 20-1 displays this collation result on the display 10-2 (step 412) 

Although position adjustment in the Z direction is performed after position adjustment in the X and Y directions 
accord.ng to the flow chart shown in Figs. 9 and 10. position adjustment in the X and Y directions may be performed 
after position adjustment in the Z direction. ^ 

Furthermore, according to the principle of the above embodiment, the optical fingerprint collection surface A-B" is 
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set to be parallel to the imaging plane W. This operation is based on the assumption that there is no distortion between 

SIZE? °TT SUrfaC !^; B 3nd 816 «** lection surface A'-B'. Distortion, however mjE 

caused between the t.ngerpr.nt collection surface A-B and the optical fingerprint collection surface A'-B" depend^ on 
the positions and angles of the fingerprint collection surface A-B and a prism surface R-S(Rg IB) aependinaon 

ipr. i ^ t c he rf ° P,iC f T ,em ^ F ' 9 13A - 1,1 for examp,e " ^ P ' 10 P ' set at ^rvals on the fingerprint col- 
US i r 3re ma, f^ 1 Wrth P0inte p «" to P '" « the »WW co"ection surface A'-B'. the S P,Mo 

L'en H £ ™, , I" 9 *"""' 001 f 0 " 0 " SU * Ce A '- 8 " are 001 Set at ^ intervals ' «* occurs. to this case 

even rf the optical f.ngerpr.nt collection surface A'-B" is set to be parallel to the imaging plane l-J only the Norton 
caused on the optical fingerprint collection surface A'-B' cannot be eliminated distortion 

m th ' S rea !° n '' n ^ 3 cas * ie ' when ,he OP*^ 1 'ingerprint collection surface A'-B' has distortion with resoect 

Inl^T'"' ^ S ^ aCe A " B> ,hS ima9i " 9 P,a " e W is rote,ed ^ a P° int P0 through a p^SeSS 
angle o set an .mag.ng plane U-T (see Fig. 13A) so as to eliminate the distortion of the optical fingerprint^Son suf 

£grea?y~ 

„^i!l,| the , abOV ! emb « ,imenl - «he optical fingerprint collection surface A'-B' is a curved surface H is difficult to 
pertly eliminate rts d.stortion. With the arrangement shown in Rg. 14. however, me distortion can be perfecfly2lrn° 

A second prism 4 is placed in front of the imaging plane W. The fingerprint collection surface A-B of the first orism 
1221 2 ^ . u*? JT** ^ 3nd *• ,in9erprinl C0 " ect0n surtace A " B ° f *• «W prism 1 is 2t to be 
h^^^w ^ P' ole 'S set to be parallel to an incident surface K-M of the second prism 4 with respecTtoHie pin- 
u£ . ^ th6 SUrfaCe L - M °' lhe f* ism 4 is the imaging plane W P 

Wrth this arrangement, the optical system on the first prism 1 side is set to be similar to the optical system on the 

EL Tr ■ ' S,0rt,0n 030 bG e,im,nafed at «**■ Note devia «°ns are allowed for the paraHeTsms' 

aflT 66 ,? i »? e ^ >, ' in ' co " ec '' on sur t ace A-B and the imaging plane l-J. between the fingerprint coHectiOT^rface A-B 
and surface L-M, between the exit surface C-D and the incident surface K-M 'eciion surtace A B 

331 Ir^ttt™ p en, ;c ,ria T lar pfiSm fe USSd aS the P** 1 < 10 - 33 )' Howevef - a rectangular prism r (10- 

10-32 may be mounted on the prism V (10-33-) side, as indicated by the dotted line 

lion Sh^ToTS" 1 iSd f i" edasan °P ,ical eleme "t having two or moreflat surfaces and using refraction and reflec- 
tion of light. The functions of the prism are defined as functions <D to ® as follows. 

£^° r re,,eCti0n ,unctionsarec O"*'"ed into oneblock. and deflection and movement of optical paths are 
realized within a compact arrangement ^ 

& f!!^ 0 " fe ChanQed * direCti0n (azimuth) 01 an imaae is ad i us,ed ^ using refraction of light 
® The spectrum of light s analyzed by using dispersion of an optical material. 

ca. I? 6 t0tal r f leCti0n meth0d iS US6d ,0r 1,16 in P"t section 10-3. Even if the opti- 

cal separation method is used, however, the same operations described above can be applied to the resultant arranoe- 
men,. It cannot be saW that one o, the total reflection method and the optica, path sepa^on m^SSSSi 

(Embodiment 2: Eighth Aspect] 

« J", En1b ? din1en, 1 (S6e R9 1 A) - the diame,er °' me <* nMe PH ^ leased to some degree ,o increase the 
J^™! 3 S 9 , erPr ' nt '"T 9 f F Z ^ reaS ° n ' ,he m in,enSi,y 01 a (in « er P rint ima 9 e form «J « the imaging plane 

„?„^^ ,nCfeaSed ^ 3 re$Ult the Sefvice We 01 me »™ "self is shortened because of the 

P «f T , Pr0blemS - 3 nCar infrared "^-emitting diode may be used as a light source Inthis case 

although glaring can be suppressed, the problem of the generation of heat cannot be solved 

of a oTnhSe^lT^f ^ feiofe l^°^^ a " arrangement in which a lens 5-2 is p.aced near the rear surface 
%2Z?££2l r ' n 9 -- 1 • ,0 ,nCreaSe ^ ' i9W intensity 01 a ,m W"« ima 9 e ,orm «t o" an imaging 

nS, J 1T£1 7! 3 , >Sm9 ,he , ,n, r rty °' ,i9h ' ' r0m 3 " 9n, 6 this a -angement. when a straight .ine con 

cS a?aS oTt .1 J T P " h f °1 S Urf3Ce 1 " 1 and ,he Cen,6f °' ,he ima9i " 9 plane 5 " 3 is a " °P«'ca< axis, the 
t Tl^nS ?h made 10 C0 ' nC,de Wl,h ,he ° p,iCal 3X15 ,n addition ' a b,ur occurs owing to the lens 5- 
2. the mcl.nat.on of the imag.ng plane 5-3 with respect to the optica, axis is adjusted to prevent the blur. Referring to Fig 
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1 7. reference numeral 1 -2 denotes a black coating (or light-shielding plate) formed on the left-side surface of a prism 1 
i„ ,hl n r S a ? n9ement ; hOWVer - ,ra P e20idal astatai occurs at the imaging plane 5-3. More specifically if an object 
« the form of a square latt.ce. .ike the one shown in Rg. 18A is placed on the fingerprint collSon^rfao n 
SSl nTT", - ima9in9 5 " 3 ^oidafdistortion like the one shown* Rg^RefemSTo Rq' £ 
etfng A-B be tiie mgerpnnt collection surface. O be the center of the pinhole, a* be the iLjing pST?ta anU!' 

2.1? 2 " n9erpr,n !. CO,,ecfion «** A " B - — x be the point at which the point X is SJSSSn £S£ 
plane a-b. an image magnification m at the point x is given by m = Ox/OX That is the ima™. m7«n*~« ine .' m f 9 ' n9 

SlJ 1 3 " ne ° A iS Sh0rter ,han a ,ine se 9 ment 0e - on the point A side be^ Ce 

™* e on h « 8 Sde beCOmes sma,L ^ ^on increases as the raST? A OB 

SL^hS S,Z "!! ,,n9efPri^, '"^ apparah,s deCreaSes ' 1,16 distance the f ingerprim «,.tecticl sur 

• f^"*"* 2l there,0fe - the ,i9ht Wensa * of a ""gerprint image formed on the imaging plane 5-3 can bo 
Wlth0 1 ,n ^ the Hght intensity of the fight source 6. a^ fre occurrence oT5Lo^d"ort^ 
^suppressed u,*erthe^^ 

[Embodiment 2-s1: Barrel Distortion] 

m J^JI^^f *? **" * 3 ' in9erprint input W** according to the present invention (Embodiment 2-1 1 
n th,s embodiment, a lens having barrel distortion (negative distortion) is used as a lens 5-2 A ceSSU E the 

Pr f em 3 ^ ,hC ' ndina,i0n 0< ima9in9 plane a " b «o «he opto. axis™ XEd" 

A B ^S'^'h 0a t ^ PeZO f ' diSt0rti ° n (SCe Fi9 - 21A) «** n »** from the fingerprint wH^tSS 
A-B passes through a reg,on on the lens axis indicated by the hatching in Fig. 21 B. and a central ax sLCrtftetensS 
2is made to co.ndde with the optica, axis LO is corrected by the barrel distortion unique iSSt^fSSl^ 

• ' n !!? r S6, 5inCS ** m in,ensity of a ,in 9erprint image formed on the imaging ptene a-b bv the lens 5 2 

^ e, '9^ source 6 due to the generation of heat and glaring of light transmmed through prism ! 

zoidal distortion under the condition in which this blur is suppressed is suppressed by inclining the cJntS axTs LC of 
the lens 5-2 by 61 with respect to the optica, ax* LO. thereby obtaining algh^uaHty fingerpS frige 

[Embodiment 2-2: Pincushion Distortion] 
.nthlst^tl^ 

n iT!i.v ? * • *" P 0 '" 1 A ade 0n a ft WP*« <*>Hecti°n surface A-B with respect to an optical axis 

' ° T"I" 816 indina,i0n ° f an ima9in9 P 13 " 6 «* fe with wSES» «SSS W 

With th.soperat.on. trapezoidal distortion (see Fig. 22B) caused when light from the f^print iSon surface 
A-B passes through a region on the lens axis indicated by the hatching in Rg. 22B. and a cerrtra^^s^C ttlelereS- 
^rT^r^ "5 ***** ™ L ° 15 ""^ by *• »**■«*" d « to ^ uniqTet the lens S 
SldtSSX^^ 

■ !^ S ^ ase - Since the ,i9ht irtensit y of a ' in 9erprint image formed on the imaging plane a-b bv the lens 5-2 is 
Irfeofthehgntso^ furtE^H 
h , s??***" 1 by ^'"g «" ^^t 10 " °' the imaging plane a-b with respect to the optical axis LO a^Jaoe 

S dtihl a ^ ° P,,Cal aX ' S L °- ° btaining 3 hi g^^'«y "ngerprint image, 

of ro^^, ff fe arC *" ^ 0< diSt0rtiOn - ' 6 • ^ diitortion and Pincushion distortion The method 

of correct ng trapezcadal distortion e equal in effect to the method of correcting trapezoidal distortion by^sino d^cuS 
■on distortion. „ cannot be said that one of the methods is superior to the other. In mis embodtenMhe Sle series 

of SZTS^ 8 '- TTT " dCS,9n ^ iS ' Si0Ce ,hC Pinh0,e iS formed in fro "« - «ne -en he SS o 

of me .ens increases, and a tolerance can be ensured for the angle defined by the imaging p.ane and the optica, axis 
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that causes no blur, thereby satisfactorily increasing the degree of freedom in design. 

In this embodiment, the optical system of the fingerprint input apparatus is designed as follows: 

(D The prism is positioned. 

@ The angle of the optical axis and a distance therefrom are determined 

£ a Th2 ^'^l^?^ ,0Ca ' ,6n9,h - 3nd the " ke of a lens >' and ,he ,ens fe Phoned on the optical axis 

2\li ^ S r leC,ed (lhS diame,er - depth °' ,ocus ' and 816 ,ike of a PW»le). and is positioned 

© Wh,le the .nclination angle of the imaging plane with respect to the optical axis is changed so as not to cause a 

SSSZJ&Z @ ^ *"* 3 «»**■ «" a *K"iS 

© An angle at which trapezoidal distortion is minimized is determined by changing the lens angle. Note that since 
pre! £HbE* °° *• ,ma9in9 P ' ane <he ' enS an9 ' e iS Chan96d - 816 ^ - *• »*** 

[Embodiment 3: Ninth to 15th Aspects] 

ara . Prio L to ades f ^ of 1,16 nintn t0 15tn aspens of the present invention, the techniques on which these asoects 

S ofl ' rTr- A "TP* inPUl indUd6S 3n ^ SyS,em as 'constHuent anS a retS 

n the size of the apparatus is requ,red .n consideration of the installation place, operability. and the like The size ofMs 
"9erpnnt*put apparatus can be effectively reduced by forming an optica, system according to the 
ration method and placing a light source and a prism close to each other. ^ 

rJ^^T"*?* Parl ° f 3 conventional «"9erprint input apparatus using the optical path separation method 
Referring to Fig. 23. reference numeral 1 denotes a prism; 3. a light-receiving unit; and 6 a light^urce The Hoht 
source 6 is pfeced on the right side of the lower surface side of the prism 1. A black coating 

ULTi °" I !!h * °' ^ PnSm 1 10 ifradiate *** fr0m ^ 6 °" a «n9er P SrSKon sur- 

face 1- through the pnsm 1. In this arrangement, light from the light source 6 is reflected by the patter^suSce oTa 
f-nger placed on the fingerprint collection surface 1-1 and emerges from the prism 1 to be fomied Wo an imll on an 

Fig 24 shows the main part of a fingerprint input apparatus using the total reflection method. In this fingerprint incut 

k «££2? ^ P * e( * 0n 8U * Ce 1 thf0U9h 8 diffusion ^ aXe 7 and the P rism 1- «• arrangement as 
EStEI ° m ~? ar ' SOn Wth ^ 23> ^ the 5,5306 for the 6 ™ s t b « ensured on the leftSde of 'the 

nra^iSed ^ ( * ^ P ° Sit, '° n * "Reiving unit 3). a reduction in the size of the 

uJa^!^^ thiS " *? " u 9 u Print inpUt apparatUS usin9 the fl P fcal P 3 *" nation method has an advantage in 

Se Le Se IS J 1 "T* J" JF* ^ 6 ^ ^ ^ 1 8fe ^ dose to «* «*» to Jrther 
fSJT J wt th L ,nc,dent an 9' e 00 106 "'"^nation light incident surface of the prism 1 increases, and light is 

221"? 3 ^ ^ ,in9e,Prin, C0 " eCti0n SUrt3Ce 1 0 0< ,he Prism 1 ^ decfeases in '""-"ance 

leading to illuminance irregularity. ' 

More specifically, as shown in Fig. 25. when the position of the light source 6 is a point O near the prism 1 the inci- 

SSwITi ° m ? ,i9ht T 06 6 ^ reSpeCt ,0 3 PfiSm Surface "B« surface) BE 

increases with distance: As a result, the diffusion angle of light due to refraction increases, and the illuminance 
decreases toward a point B side on a prism surface (fingerprint collection surface) A-B 

The collation precision of a fingerprint collation system greatly depends on whether a fingerprint image can be 

cXLV^L? 3 ! i T P, ; n, ima9e - Un, ' form i,,UminanCe mUSt ^ ^oughou. the fingerprint 

« £ 1™ f , J? ^ m 1l 3nd " ,um,nance ^ ular «y «"«t be prevented. K illuminance irregularity occurs 
cisio^drSl 6 1 ° • ^ qUalKy °' 30 <in9erprinl ima9e ^teriorates. and thl coMon pre- 

in size wJnS^« n^^r ^ " 9ht T" 8 6 ^ ** ' ^ ^ l ° 6aCh 0,her to attain a 
L ?T 9 V " ,uminance ' rr egularrty on the fingerprint collection surface 1-1 . That is. both a reduction in 
the size of the apparatus and an improvement in the qualify of a fingerprint image are attained at once. 

{Embodiment 3-1 : Ninth. 10th. and 1 1th Aspects] 

Th P SmfJ^T mai " °J 3 '^P™' input Wratus according to the present invention (Embodiment 3-1 ) 

2^ T "I" 3 26 de " 0,e ,he 530,6 par,S 35 in Fi9 23 - and a descrj P ti0 " "hereof will be omitted. 
In this embodiment, a cut surface 1-3 is formed at a distance from the vertex (a point E in Fig 23) of a prism 1 which 
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In this embodiment, the cut surface 1 -3 is formed under conditions <£>. 0. and © below: 

Ss^edT 9 *** ^ ,in9erPrinl C °" eCli0n ^ W ,0 3,1 P |ane 32 *«* not be 

@ An image of the light source 6 should not be projected on the imaging plane 3-2- and 
® Ujht from the light source 6 should not be totally reflected by the fingerprint collection surface 1 - 1 . 
[Condition (J)] 

Fig. 27 shows a region satisfying condition ©. which is indicated by natchino Referrino to Fin 37 » 
the f.ngerprint ejection surface 1-1 (A-B, is projected on the imaging Xn^^ Z^M^ ^Z 

[Condition @] 

n - [m i n^/(m + n2)J . If the refractive index n1 is the refractive index of air rni - m\ o«w ^- • 

ZThV. pnsm and emerges t0 a " end point b of the imaging plane 3-2 a reflected imaae of 

[Condition ®] 

T^l rTTSt* ° f me ' ike 3nd affeCt 3 ,in9erpfint ima 9 e Whe " *• Kghi source 6 is to ZXSTc£l 

[Embodiment 3-2: 12th Aspect] 

lum.nated. That is. the left end of the fingerprint collect.on surface 1-1 is mainly illuminated by a light source 6. and 
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hence the fingerprint collection surface 1 - 1 cannot be uniformly illuminated. 

In contrast to this, if the distance from the vertex of the prism which opposes the fingerprint collection surface 1-1 
and at which the cut surface 1 -3 is formed is increased, as shown in Rg. 31 . condition © is satisfied but © is not sat- 
isfied (reflect on condition based on FresneTs formulas). That is. a region C-F on the cut surface 1-3 becomes a region 

s which does not satisfy condition ©. In this embodiment, therefore, a black coating (or light-shielding plate) 1-2 is 
formed on the area C-F which does not satisfy condition ©. 

In the case shown in Fig. 31 . if the light source 6 is placed at a region, on the cut surface 1 -3. which satisfies con- 
dition ©. any light shield may not be required for the region which does not satisfy condition © As shown in Fig 32A 
however, if a wall 8 is provided to prevent disturbance light from entering the optical system, stray light propagating from 

'o the light source 6 to the wall 8 may be incident on an imaging plane 3-2 through the optical path "G -» H I j- i n 
contrast to this, if light shielding is provided for the region C-F which does not satisfy condition © as shown in Fig 328 
the region C-F is shielded against stray light emitted from the light source 6 and reflected by the wall 8 and no strav 
light is incident on the imaging plane 3-2. ' . * 

>s [Embodiment 3-3: 13th Aspect] 

In Embodiment 3-1. the cut surface 1-3 of the prism 1 is flat. In this case, light from the light source 6 is refracted 
by the cut surface 1 -3. and the directivity increases. Strictly speaking, therefore, the peripheral portion of the f ingerrjrint 
collection surface 1-1 becomes darker than the central portion. 

In Embodiment 3-3. therefore, a cut surface 1-3 is formed into a concave surface, as shown in Fig 33A The cur- 
vature of this concave surface is matched with the directivity of a light source 6 so as to uniformly illuminate the finaer- 
prmt collection surface 1 -1 . / a 

[Embodiment 3-4; 14th Aspect) 

In Embodiment 3-3. the cut surface 1-3 of the prism 1 is formed into a concave surface. In practice however even 
if the fingerprint collection surface 1 - 1 is illuminated with uniform intensity, a fingerprint image with uniform light intensity 
cannot be obtamed on the imaging plane 3-2 because of vignetting on the lens 3-1 and the like or a light amount sen- 
sitivity difference caused when the imaging plane (CCD) 3-2 is inclined with respect to the optical axis. 

In Embodiment 3-4. therefore, the outer periphery of a concave cut surface 1 -3 is formed into a convex surface as 
shown in Fig. 33B. With this structure, light from a light source 6 is diffused by a concave surface 1 -3a of the central 
portion of the cut surface 1 -3. focused by a convex surface 1 -3b of the outer periphery of the cut surface 1 -3 and irra- 
diated on a fingerprint collection surface 1-1. thereby compensating the light intensity distribution on an imaging plane 
3-2. 

[Embodiment 3-5: 1 5th Aspect] 

In each of Embodiments 3-1 to 3-4, the cut surface 1-3 is formed on the prism 1 to improve illumination irregularity 
on the f mgerpnnt collection surface 1 -1 . In contrast to this, in Embodiment 3-5. as shown in Fig. 34A. a light source 6 
is placed close to a pnsm surface B-E through a matching member 9 having a high refractive index. No cut surface 103 
is formed on a prism 1 . With this structure, a light beam is not refracted by the prism surface B-E. and light from the light 
source 6 can be irradiated on a fingerprint collection surface 1-1 with the diffusion angle being kept almost uniform 

As a material for the matching member 9. a refractive index matching solution is known. However, a material other 
than th.s solut.on. e.g.. an epoxy-based adhesive, may be used as long as the difference between the refractive indexes 
of the prism 1 and the material does not greatly influence the uniformity of illumination on the fingerprint collection sur- 
face 1-1. ^ 

In addition, as shown in Fig. 34B, a cut surface 1 -3 may be formed on the prism 1 , and the light source 6 may be 
placed close to the cut surface 1 -3 through the matching member 9. 

In Embodiment 3-5. a high^uality fingerprint image can be obtained with a compact apparatus and the following 
addrtional effect can also be obtained. Since heat generated by the light source 6 is radiated onto the prism 1 through 
the matching member 9. perspiration of the finger is stimulated. As a result, a clear fingerprint image can be obtained. 

[Embodiment 4: 16th to 18th Aspects) 

Prior to a description of the 16th to 18th aspects of the present invention, the techniques on which these aspects 
are based w.ll be described. A fingerprint input apparatus includes an optical system as a constituent and a reduction 
m the size of the apparatus is required in consideration of the installation place, operability. and the like To realize such 
a compact fingerprint input apparatus, a surface-mounting type LED is often used as a light source 
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sh ie id,ngp la , e) ,. 2is ^ 

image on an imaging plane (CCD) 3-2 through a lens 3-1 of the light-reca^t 3 * *»med ,n,o an 

6 T^r^Tul ! PParalUS ' h0Wever " 3 ,ar9e amoum of 'eaks on the side and rear surfaces of the LED 

In addition, light which is transmitted through the side surfaces of the l Fn fi anri * « <, . 

[Embodiment 4-1 : 16th Aspect] 

toti^LE^ 

to me LED pads Pi, and P1 2 through solder portions F. an LED 6-2 is connected to the LEDs P2 and P? 

solder portions F. an LED 6-3 is connected to the LED oads P3 and fhrn^eJw . \T* 2 * rouflh 

[Embodiment 4-2: 17th Aspect] 

^l^^^K^*^'^ '-^^nongh, is termed on a, ron, surface ftFofasub- ' 
in this embodiment, as in Embodiment , . the .ight-shieWing ,i,m , , - , • is formed by screen priming. Note, however. 
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Vfe Wadf^Kh^S' ^T*" Pfimin9 fe f0f li9ht " shieWin 9 ,ilm 1 1 Since the light-shielding film 1 1 - 
of 5? SsSl '" to » e «»*"° thus Preventing ,hen gh tfroa,pas Si ng«hrou^ a rears U lce 11 R 



rs 



With this structure, light leaking from the side and rear surfaces of LEDs 6-1 to 6< is shielded hv the i;„h, 
Mm 11-Vof the front surface llFof the substrate 11 to prevent the light from 1^^^^^^^ 
from^re a rsurfa«,1R.AsaresuH.«hea^ 

w ^TJ, 10 the / e,,ect 1 in9 ,,,m 1 «he light-shielding film 1 1-r is formed on the entire region of the substrate exceot 
[Embodiment 4-3: 18th Aspect] 

In m,s embodiment as in Embodiment 1. the reflecting/light-shielding film 1 1-r is formed bv screen nrintino Nn . a 

.s formed th ck Since the white coating material is printed thick, fight is diffused/reflected by the front surface «f£2 
sutetrate 11. Although the absorbance of the white coating materia, is low. a U^^JZ^Z ^Z 
£ an .ncrease . ft. Sickness of the film. Even a white coafng « ^ ^d^^JSK 
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With this structure, light leaking from the side and rear surfaces of LEDs 6-1 to fi a ic r^i^^ u ^ • „ 
ing^ight-shielding.f«m 11-r on the front surface 1 1F of the suS 11 to S iSiStt! a nrf^i a " 'ff 

famed on a CCD 3-2 decreases, and the quaWy of the fingerprint image improves, thus improving 
[Embodiment 4-4: 18th Aspect] 

. ^^^^-^^^^^^ * — » «* - 

T'JTT eleCtr ° de PA> PB - P1 " P1z t0 P6 - and P6 2 are «° be formed on a front surface 1 1F of a 
gaps (see hig. 39A). This left metal film is the reflecting/light-shielding film 1 1 -r 

Referring to Rg. 39A. relatively thick white coatings are formed on gaps G (GA GB Gl, G1, to G6 and Gf~\ 
ensured around the respective pads P by screen printing. With these ccSrTgs. L reSS pads P «n' beTelSv 
.nsulated from each other, and the light^hielding characteristics can be improved. ' 

so (Embodiment 4-5: 1 6th to 1 8th Aspects] 

.ngttmlM is formed on a front surface 1 1 F of the substrate 1 1 having the LED 6 mounted thereon in the same man- 
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ner as in the case of the fingerprint input apparatuses using the optical separation method. 
(Embodiment 5: 1 9th to 24th Aspects) 

are Z,7J° ^T* 3 " 0 ^ ^ 19th ,0 24th aSpeCtS 0f »* presem inven,ion - ,h * techniques on which these aspects 
are based will be descnbed. The collation precision of a fingerprint collation system greaSy depend on wSfhSn 

ZT^V^T Pr0Per ' y inpUt ' F<X example " diStUrtoances affecti "9 a 'SerprTn^^ 

«no? m ! disturbance l.ght enters the imaging plane, a fingerprint image is made dim A clear Noh^SS 

fmgerpnnt ,mage cannot therefore be obtained. Conventionally, a main body case for covering J£o2™JSSS 

T* 10 haw 3 hermetic ,0 protect ,he ,,n9erpr,nt 

fi *2Ll TtT ma ' n P3rt 3 conven,ional 'ingerprint input apparatus. Referring to Fig. 41 reference numeral 
6 denotes a ght source; 1. a prism; 13. a prism holder; 3. a light-receiving unit; and 14 a main bS^TSTES 

The pnsm holder 13 « fixed to the main body case 14 such that a fingerprint collection surface 1 1 offte S , 

TfS^r ( 2 P ' - ' ,ma9,n9 P 13 " 6 0386 3-3 - maln 0336 14 "as a hermetic structure 
In this fingerprint input apparatus, light from the light source 6 is irradiated on the fingerprint colle^o^L B i 1 

1-1. emerges from the pnsm 1 . and is formed into an image on the imaging plane 3-2 through the tons3?2ll2? 

Z^^ZTsT me ,ens 3 - 1 and * e ,ike - and a,so ^ — " ^®)'-m 

6 JSSL^^ "Tf T* appanrtus - h0Wever ' " 9ht (***««ce light @, emitted from the light source 
?4 Ss a hZl> c P T to B ■"'I* 6 ima9 ' n9 P* 3 " 6 3 ' 2 Cannot * P feven,ed - a *^. ^nce the main 
raea^Th SfrUCtUfe; 11 18 drff,CU,t ,0 dissipa,e heat 9 enera,ed b V •» light source 6 and the circuits in*teft! 

ST^t' 0 deteri ° ra,e °"*> ,0 W8 hea ' Furtherm0fe - «*» *• ™" bSy ^Tfe^vy a 
reduction in the weight of the apparatus is interfered. ^ 

orevfn^lTT 5 ^f^ 0 ' 6 '° feli3b,y prevent dust and 1,16 ,ike ,fom Bering to an optical system and 

S ht ,rom en,eri "9 «* i^agino plane 3-2 without making the main body case Shave ThermeS 
structure, thereby obtaining a high-quality fingerprint image. nermetic 

[Embodiment 5-1] 

35 ThP « m l 2 ^ 1,16 mai " °* 3 ft W int ^ ^ra^s according to the present invention (Embodiment 5-1) 
,!f^ erenCe c nUmera,S 10 Fi9 ' 42 deno,e ,he 53,116 parts as " R 9- 41. and a description therSSSSS£J2' 
imaging EL' " BhH <' , ? ,> * ^ 15 is ^ »—■" 3 prism 1 and a .ighSeceS^ £ Sfn 
Zf2?!*! Pf * etween 30 exrt surf3ce 1 "< <* »• Prism 1 and an imaging plane 3-2 while isolating the cX?pat£ 
from the outside. In this case, a prism holder 13' for holding the prism 1 has openinos 13-1 srvi ^ ^rn^I? ^ 

SS^h^ttlJ^S 1 ^ the i i9W - shieWin 9 ^ 15 on one end sWe is coaled 

Z\ZJ?T 9 stfucture *> ope"" 10 15-2 of the light-shielding cover 15 on the otherside fe also 

zrr^u" 33 of an ima9ng ^ ^ 3 - 3, —•-•■"«• - -^,^4^ 

<S ,h I0 ^k " n9erpfint input ^ratus. light from the light source 6 is irradiated on the fingerprint collection surface 1 -1 

di«il? a !S I? 86 ^* '"""I. appara,us - heat generated by the light source 6 and the circuits inside the body case 14' is 
S^iSSST? kI 68 14 " 2 '° rmed me b ° dy 0386 14 ' W,h *• *™ 3 «°" - th. air ho es 5?^ btdv 
55 L\£ « ^5 . 6 b ° dy 0386 M ' iS decre3sed ' and hence a reduction in the overall weight of the apwratuscan 

COmpo " ents ° f ,he °P ,,cal system can be reliably maintained against vibrations and external forces 
ZZl (S,Ze " P ° Si,i0n> ^ diS,0r,i0n) °' 3 ^ 3nd a,,0wi "9 3 '-^erprirn iSget £S 
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In th. ; ertmfcnent, an optical noise process is performed for the surface of the inner wall of the light-shieidino 
cover 15. More specifically, a black matte coating is formed on the surface of the inner wall of the faS J2*2 ~ 
15 to prevent disturbance light © emerging from the prfem 1 from entering the irTgTnSe 3* as %£2ZZ 
the absence of the tight-shielding cover 15. disturbance light ® emerging from the pS Vr^es n^lT^JZ 
s plane 3-2. In the presence of the lightning cover , s. hoir. theKt is *£S?£££ ^JZiZSZ 
.nner wall of the light-shielding cover 15 to enter the imaging plane 3 2. For XT easel n£ Wa^n^^f, 
formed on the surface of the inner wall of the light-shielding' olver 15 to pre^^^ 

^^^T" 19 - 3 0< formin9 8,6 SUrface °» ^ inner wa " into a " unevenlrface SeTke as 

T 3 6th0d 0< f0f m ' ng 3 bta * matte ^'"S- 71,31 * entra "<=e of light @ into the imaging plane 3 2 fe r^!^ 
by absorbs or diffusely reflecting the light incident on the surface of the inneT wall of ftJSESSSj ZZ7s 
In mis embodiment a film having a high reflectance is formed on the surface of the outer wall of th* linw 

he high-ceflectance film on the surface of the outer wall of the light-shielding cover IS to be inddent on ie of^m 1 
»5 thereby improving the illumination efficiency. "naoent on the prism 1. 

In this embodiment since the light-shielding cover 15 is coupled to the main bodv bv a fittinn c*„ ^ ™ ~. ■ 
sy^em positioning effect can be obtained, .n addition, since theTame 

t'l'^f /7 y ^ ^ liSht-shieWing offeot aod the Rustproof «««ot i^o^e. In this oase. H thJ lighSSSrS Sc^rT^ fe 
[Embodiment 5-2] 

i„ pS^ 4 f e . ma ' n Part ° f 3 ,in9er P fint '"P" 1 apparatus according to the present invention (Embodiment 5-2) 

Ir^r* 3 " 9ht S ° UrCe ^ 16 13 Pf0vided ,0r 3 ,igM 50urce «' «flht source cover 16 tight 

SdTolTJr^ 3 ^ rt « °" ^ SUffaCe SWS feSpect ,0 a prism 1 • addi,i0 "- «"« BUM 
and a light-shielding cover 15 are integrally formed. 

In this fingerprint input apparatus, the illumination efficiency of the light source 6" with respect to the nrism 1 k 

ZS?2" T ™" By in,e9ra " y ,0fmin9 ,he cover IS 3255 t^££ 16 

lddZ^,° ^ t nd i , ^ U "* er °' ******** «n be decreased, thus attaining a reduXn ~cS fn 
addrt.on. when the l.ght-sh,eld.ng cover 15 is positioned, the light source cover 16 is positioned at thesam finals 
ac, ta ,ng an assembly operation and shortening the time required for assembly. WhJnle .igtshSi^eMstS 

rn^isS^ 16 ^ 

of th'r. <h h, e Z ,b ^ ,ment 3S " Embodiment an ^1 noise process is performed for the surface of the inner wall 
of the l,ght-sh,eld,ng cover 15. a film having a high reflectance is formed on the surface of the outer waHrt Z uoW 
sh.eld.ng cover 15 or the light source cover 16. and the integrally formed light-shieWing £ver 15 SSlSS 22r 
16 are coupled to *e main body with a fitting structure, .n this embodiment, if a film having a hiiTSSrStaISS 

«> ,nner of ,he m " uree "»* 16 - re,,ectance ■ and «uJSS!22S 

In each erf Embodiments 5-1 and 5-2. the lens 3-1 is used to form a fingerprint image on the imaging plane 3-2 
However, a pinhole may be used in place of the lens 3-1. ge on me imaging pane 3 2. 

In Embodiment 5-1 (Fig. 42). the optical system is arranged according to the optical path seoaration method h.* 

SrS* ! 6 5X16 of *• prism and liaht from liBW source 6 is irradiated on the fin- 

gerpr^rt collection surface 1-1 through the prism 1. In this arrangement however, since the space for ftefa^oS» 6 

31 a reduction .n the s«e of the apparatus is limited. Embodiment 5-2 (Fig. 44) is suited for a case in which the ootica 
system is arranged according to the optical path separation method. ~ -u- a case in wn.cn me optical 

»n,h?'l!f^ fr ^^^^ Wh sixth andsev- 

enthaspectsasscoatedwitii the first aspects 

on the fingerprint collection surface and emerging from the prism passes through the pinhole to be fo^medTn tiTan 
-mage , on the .n«g,ng plane almost parallel to the optica, fingerprint coition surf 

ZEST**"* T is ^ e 0005,301 aod one ^ 00 the ' in9erprin, «*J *" nSSS 

on the .mag,ng plane, a blur and d.stortion can be greatly reduced, and a high<,uality fingerprint image can be US* 
According to the third aspect and the fourth, fifth, sixth, and seventh aspects associated with l£ mwlspS ! tte 
op ca. system on the first prism skfe and the optica, system on the second prism side are set to be sli la o eSher 
With this arrangement, tight ref.ected by the pattern surface of a finger pfceed direct* or W*rf y ont^S£SJE: 
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vented, and a fingerprint image can be stably input 

,. hl A ^ ifl9 ,0 me ^ as 0 e< * since an 0P«cal noise process is performed for the surface of the inner wall of th* 

2 ^ 19th aSPeCt ' diStU * anCe K9hl light ©) emerging from the J^cS£« 

vented from entering, as optical noise, the imaging plane. me pnsm can be pre- 

According to the 21st aspect since the high-reflectance film is formed on the surface of the outer wall of the liohi 

reflected by the h.gh-ref lectance flm to be incident on the prism. As a result, the illumination effide^rotS 
According to the 22nd aspect since the light source cover covers the light source except foX exTsu^e sid* 

al PfiSm ' illUminati ° n ***** <0r the Pnsm improves - a*'«on.S,he eiS 

and the Ugh, source cover are .ntegra.lv formed, the number of parts decrease, As a result, a nJZZ^^Z 

,h. iSS t0 * C 24th aSPeC1, ° pe ™ 9 °' ,he ''S^shielding cover on one end side is coupled to the ooenino of 
the pnsm holder wh.ch opposes the exit surface of the prism with the fitting structure, and the coe^na of the^X h 

fore. these member are to be completely assembled with screws or the lite the three mpmfwc i ? , 
hoaer). the light-shining cover, and me imaging plane cove, can b.^^£S£* FJSESEZ 

XSoTnS 

*o Claims 

1 . A fingerprint input apparatus characterized by comprising : 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B)- 
3 9h l?Vp* (1 °* 31) ** irraC * a,in9 Hght 00 *» ,in ^ ni «***» surface through laidS 

c^rS LI 561 1* ^ °' "f ^ * by 3 ^ « a P»«J on sakf fingerprint 

collection surface and emerges from said prism- and ""gerprmi 

fmoSg? ne ( ^ ° n ^ ^ emer9 " 19 ^^^^P^sing through said pinhole is formed 

fin„ J^T? 6n PriSm iS Substitu,ed b * air ' an fingerprint collection surface equivalent to the 
fingerprint collectjon surface is set to be substantially parallel to said imaging plane. 

2 ' rtL a ^n a i! S r CCOrdin9 1> Wher6in '" hen the 0ptical ,in 9 e, P rirt ^ace has distortion with 

respect to the f.ngerpnnt collection surface, said imaging plane is rotated through a predetermined angle 

3. A fingerprint input apparatus characterized by comprising: 

a first prism (1 ) placed such that a surface in one direction serves as a fingerprint collection surface (A-B) 
3 9 .IT/pu, ° 0 ' 31) fof ifradiatin9 " 9ht °° the,in ^P""t collection surface through sS «rst prSm ^ 
ap-nwe <PH)se. .r ,. path of light which is reflected by a pattern surface of a finger placed on sa^ngerprin, 
collection surface and emerges from said first prism- n*«u ungerpnni 

S3 Z£jg£*** t li9W emef9i ° 9 fr ° m »" tt * P ^ and ^ - P'*o.e is 

a second prism (4) placed in front of said imaging plane. 

wherein the fingerprint collection surface of said first prism is set to be substantially parallel to said 

* TsaTse^^^^^ 

W?,? 2£?J T?, 9 '?, 9 , P . ^ ^ a " ^ SUrfaCe °' Mkl ,irst W to said pin- 

hole ,s set to be substantially parallel to an .ncident surface of said second prism with respecttosaid pinhole. 

5. An apparatus according to cfaim 4. wherein said pinhole position adjusting means is constituted by a manual 

6 ' ixSor" 9 ,o c,aim 4 - wherein said pinho,e posi,i ° n adius,in9 — «*««• *• pos.- 
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7. ^apparatus according to any one of claims 1 . 2. and 3. wherein said light source is an LEO or a laser beam radi- 

8. A fingerprint input apparatus characterized by comprising : 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B)- 
a light source (6) for irradiating light on the fingerprint collection surface through said prism 

iS^S" 1 T* 1 ° f " 9h ! " hiCh * re ' leC,ed by 3 mem 8urface of a im & r P' aced « 'ingerprint col- 
lection surface and emerges from said prism; 

io a lens (5-2) placed close to a rear side of said pinhole and 

"nSS 

wherein when a straight line connecting a center of the fingerprint collection surface and a center of said 

' S a T*?l ^ Mki ima9ing p,ane is inclined to ^ oPfical axis to prevent a blur 

and a central axis of sa.d lens k .ndined with respect to the optical axis to prevent trapezoidal distortion 

9. A fingerprint input apparatus, in which 

x 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1 -1 ) 
a light source (6) for irradiating light on the fingerprint collection surface through said prism and 
an imaging plane (3-2) on which light reflected by the fingerprint collection surface and emerging from said 
prism is formed into an image 
are arranged by an optical path separation method, 

™«fh!f riZed 3 CUt SUrf3Ce (1 " 3) iS f0rmed at 3 distance from a verte * <>f said prism which 

25 opposes the fingerprint collection surface, and 

said light source is placed to oppose the cut surface of said prism. 

1 °* ^r^^lf °? rdin9 10 daim 9 ' Wherein the Cut is formed under conditions that an imaging optical oath 

30 source is not projected on said imaging plane. y 
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o, .sliT 9 . r 

^? n9e ^- ,nt C °" eCt,0n SU * ce ,0 "*> ima9i " 9 p,ane is "* 0™ ented - ^ image of said light source 

os IctolsJS? °" ,ma9i " 9 P ' ane ' ' i9ht fr0m m S ° UrCe * " 6t ,0ta " y re,l6Cted by «* ,in ^P rint «*' 

oTiSIT T din9 • ,0 . Cla !, m 9> Wherei " the CUt SUrface fe formed under a ««t an imaging optical path 

for a lion ^TT ^^ 10 ima9i " 9 P,ane iS n0t Preven,ed ' and a »* ^ is provided 
for a region, on the cut surface, on which an image of said light source can be projected. 

13. An apparatus according to any one of claims 9 to 12. wherein the cut surface of said prism is a concave surface. 

14. An apparatus according to claim 13. wherein the cut surface of sakl prism has a convex outer periphery. 
4S 15. A fingerprint input apparatus, in which 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1 - 1 ) 
a light source (6) for irradiating light on the fingerprint collection surface through said prism and 

so . imagT "** ***** * ** ^ "*» ^ <™ ^ 

are arranged by an optical path separation method. 

characterized in that said light source is placed in contact with said prism through a matching member 
(9) having a predetermined refractive index. . 9 

55 16. A fingerprint input apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B) and 
a l.ght source mounted on a surface of a substrate (1 1 ) and serving to irradiate light on the fingerprint collection 
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surface through said prism 

1 7. A fingerprint input apparatus comprising : 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A Bi fln n 

.18. A fingerprint input apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B) and 

oftheSr^ 
19. A fingerprint input apparatus characterized by comprising: • 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (m v 
a light source (6) or .rradiating light on the fingerprint collection surface through sS pnsT 
an imaging p.ane (3 - 2 ) on which light reflected by a pattern surface of a finger placed on fingerprint collec 
tion surface and emergmg from said prism is formed into an image- ^ °" ine fingerprint collec- 

aprism holder (13) fa holding said prism to fix the fingerprint collection surface such that the finaerorint col 
ntan^SXa^ 

ing an opening a least ,n a surface portion opposing an exit surface of said prism and an incident surface of 
said prism on which light from said light source is incident and « an mcwent surface of 

rJ2^ h T ldin9 r! Ver ( ! 5) - fof C0W inQ a " ima9i " 9 oplical «** betwee " «» exK surface of said prism and said 
imaging plane while isolating the optical path from the outside. 

2 \:rfac^^^ 

22 ' S^Tlf ^L" 9 ,0 Cl3im 19 ' Wherein ,i9hl ««• is a light source cover (16) except for a 

aTlnTwo^ 

24. A fingerprint input apparatus characterized by comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface M-iv 
a Ugh. source (6, for irradiating light on the fingerprint collection surface Lug^sS p" sm 
an imagmg plane (3-2) on which light reflected by a pattern surface of a finger placed on the fingerprint collec- 
tion surface and emerging from said prism is formed into an image me fingerprint collec 
L P ,io„ m cT ef lm <0r h< ? di " 9 SaW pfiSm '° " X ,he fin9er P rint co,lec « on such that the fingerprint ool- 

T^Ti^^Z^ ^ openin9 (141) of 3 "* Mse «* .JESSES. 
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fJlntf l ] 5) tor COVefin9 a " ima9in9 0ptica, ^ betmen the «* of said prism and said 

imaging plane wh.le isolating the optical path from the outside ' 

wherein an opening of said light-shielding cover on one end side is coupled to the ooenino of said nrk m 

holder wh,ch opposes the exit surface of said prism wfth a fitting structure. JS an bSES? 

mg cover on the other end side is coupled to the opening of said imaging P .ane caS with'atfng Suctte 
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FIG.3B 



27 




10-31' 

FIG.4B 



28 



EP 0 847 024 A2 

( 




FIG.6A FIG.6B 



i 



BNSOOCIO. <EP__0647024A2J_> 



EP 0 847 024 A2 




( START ) 



INPUT ID NUMBER 



LOAD FINGERPRINT 



DISPLAY IMAGE 



YES/ IS PINHOLE POSITION 
ADJUSTED? 



NO 



NO/ IS LOADING OPERATION 
CONFIRMED? 



101 



102 



103 



104 



105 





YES 


FILE DATA 







106 



FIG.7 



BNSOOCID: <EP_0647024A2J. 



30 



EP 0 847 024 A2 



NO 



( START ) 



INPUT 10 NUMBER 



LOAD REGISTRATION FINGERPRINT 
FROM REGISTRATION RLE 



DISPLAY REGISTRATION 
HNGERPRINT IMAGE 



J01 

m 

203 



LOAD (COLLATION) FINGERPRINT 



DISPLAY COLLATION FINGERPRINT 
IMAGE WHILE SUPERIMPOSING IT ON 
REGISTRATION FINGERPRINT IMAGE 



204 



205 




IS PINHOLE POSITION ADJUSTEO? 



206 



NO 



IS LOADING OPERATION 
CONRRMED ? 



YES 



COLLATE FINGERPRINTS 



DISPLAY COLLATION RESULT 



207 



208 



209 



( END ) 



F I G. 8 



BNSOOCIO: <EP 0647024A2J_> 



31 



EP 0 847 024 A2 



( START *) 



INPUT ID NUMBER 



— , 301 



LOAD FINGERPRINT 



CALCULATE BARYCENTRIC 
POSITION 



ANY BARYCENTRIC DIFFERENCE ? 



m 
m 

304 
YES 




NO 



1 



305 



ADJUST POSITION OF 
PINHOLE IN x AND y 
DIRECTIONS 



LOAD FINGERPRINT 



CALCULATE SIZE 



APPROPRIATE SIZE? 



m 

W 

308 
NO 





YES 


FILE DATA 








L 



309 



ADJUST POSITION OF 
PINHOLE IN z DIRECTION 



C END ) 



F I G. 9 



32 



EP 0 847 024 A2 



( START ) 



INPUT ID NUMBER 



LOAD REGISTRATION 
FINGERPRINT FROM 
REGISTRATION FILE 



401 



402 



. 1- 

LOAO (COLLATION) FINGERPRINT 


_403 






1 

CALCULATE BARYCENTRIC 
POSITION 


[404 




f 406 


> 


405 




ANYBARYCENTRIC 
DIFFERENCE? 


V YES . 


ADJUST POSITION OF 
PINHOLE IN xANOy 
DIRECTIONS 



LOAO (COLLATION) FINGERPRINT 



CALCULATE SIZE 



APPROPRIATE SIZE? 



YES 




COLLATE FINGERPRINTS 



DISPLAY COLLATION RESULT 



411 



412 



CjnO 



FIG. 10 



33 



BNSOOClO: <EP__0847024A2J_> 



EP 0 647 024 A2 




FIG. 11 A 



I 

in 















































































































































































































i 































FIG. 11B 




i 

2 
3 



1 2 3 4 5 6 7 8 j — n 



FIG. 12A 



j 

! 

m 



FIG. 12B 



34 

BNSOOCIO; <6P O047O24A2J_> 




FIG. 13A 




R Pi P2 P3 P< Ps P6 P? 

DISTANCE FROM RON 
OBJECT SURFACE 

FIG.13B 




R Pi P2 P3 P< Pi ft Pi 

" DISTANCE FROM RON 
OBJECT SURFACE 

FIG.13C 



35 



EP 0 847 024 A2 




BNSDOCID: <EP 0647024A2 I » 



36 




BNSOOCIO: <EP Q647024A2 I > 



37 




FIG. 18A FIG. 18B 




FIG. 19 

r 

38 

BNSOOCIO: <£P 0647024 A2 J _> 



EP0 847 024 A2 




FI G.20B 



BNSOOCIO: <EP 064 702 4 A2 < > 



39 



EP0 847 024 A2 




FIG. 21 A FIG.21B 





FI G. 22A 



FIG.22B 



40 




F I G.25 



( 

41 

BNSOOCIO: <EP_0647024A2J_> 




F I G. 28 



nl 




F I G. 29 



( 

43 

BNSOOClD: <EP__0647024A2_I.> 




BNSOOCIO: <€P 064 702*A2J_ 



EP0 847 024 A2 




F I G.32B 



45 



EP0 847 024 A2 




FIG.33A FIG.33B 




EP 0 847 024 A2 




F I G.35 




F I G. 36 



47 



EP 0 847 024 A2 



1 1F 



n. n, r, P2, f i H j ,, -Ji ,w "» ,,, 




PA P4i P42 P5i P52 P6i P62 

ii-i(ii-r,ii-i") F I G. 37 A 




FIG.37B 
11-2 « , M ii-inMMi-n- 




11-4 11-5 



11-1 11-2 11-3 

F rh F F rbt F f tI- 



FIG.38A 



F 



11-1(11-1' .11-1") P4i P42 P5i 4 P61 PlL ^11R 

FIG.38B 



48 



BNSOOOO: <£P 0847024A2 I > 



EPO 847 024 A2 

( 




F I G.40 



BNSOOCID: <EP 0647024A2 I > 



49 




F I G.41 




BNSOOCtO: <£P__0947024A2_I_» 



EP 0 847 024 A2 

( 



1-1 




F I G. 44 



( 

51 

BNSOOCIO: <£P_0a47024A2J_> 



(19) 



J) 



EuropShsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

22.12.1999 Bulletin 1999/51 



(H) EP 0 847 024 A3 

EUROPEAN PATENT APPLICATION 

(51) int. a 6 : G06K9/00 



(43) Date of publication A2: 

10.06.1998 Bulletin 1998/24 

(21) Application number: 97121472.1 

(22) Date of filing: 05.12.1997 



(84) Designated Contracting States: 

AT BE CH DE DK ESRFRGBGRIE IT LI LU MC 
NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 06.12.1996 JP 32666096 
20.06.1997 JP 16400597 
20.06.1997 JP 16401897 
26.09.1997 JP 26200997 
26.09.1997 JP 26203997 



(71) Applicant: 
YAMATAKE-HONEYWELL CO. LTD. 
Tokyo 150-0002 (JP) 

(72) Inventor: Fujiwara, Hisatoshi 

12-19, Shibuy 2-chome, Shibuya-ku, Tokyo (JP) 

(74) Representative: 

von Samson-Himmelstjerna, Friedrich R., DipL- 
Phys. et al 

SAMSON & PARTNER 
Widenmayerstrasse 5 
80538 Munchen (DE) 



(54) Fingerprint input apparatus 

(57) A fingerprint input apparatus includes a prism, 
a light source, a pinhole, and an imaging plane. The 
prism is placed such that a surface in one direction 
serves as a fingerprint collection surface. The light 
source irradiates light on the fingerprint collection sur- 
face through the prism. The pinhole is set in the path of 
light which is reflected by the pattern surface of a finger 
placed on the fingerprint collection surface and 
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emerges from the prism. The light emerging from the 
prism and passing through the pinhole is formed into an 
image on the imaging plane. When the prism is substi- 
tuted by air. an optical fingerprint collection surface 
equivalent to the fingerprint collection surface is set to 
be substantially parallel to the imaging plane. 
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1. Claims: 1-8 

Fingerprint input apparatus characterized by a pinhole set 
in a path of light which is reflectde by a pattern surface 
of a finger 



2. Claims: 9-14 

Fingerprint input apparatus characterized by a cut surface 
formed at a distance from a vertex of the prism which 
opposes the fingerprint collection surface 



3. Claim : 15 

Fingerprint input apparatus such that a light source is 
placed in contact with a prism through a matching member 
having a predetermined refractive index 
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Fingerprint input apparatus characterized by a film for 
shielding light on the surface of the substrate on which the 
light source is mounted 
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and a light shielding cover 
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